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TRACE BUFFER FOR DDR MEMORIES 



TECHNICAL FIELD 

This invention relates to trace buffers and more particularly to trace buffers adapted to 
operate with Double Data Rate (DDR) memories. 

BACKGROUND 

5 As is known in the art, trace buffers are used to record activity on, for example, a 

system bus. For example, in a system where a CPU is coupled to a memory (e.g., a RAM) 
through a CPU bus, the trace buffer may be used to record activity of the CPU bus. More 
particularly, for each bus cycle, the digital word on the bus produced by the CPU may be 
recorded and stored in the trace buffer for later analysis in detecting and evaluating faults 

10 which may be produced by the CPU. The trace buffer may store the address, data, and 

control/status signals active for each bus cycle. One such trace buffer is described in my U. 
S. Patent No. 6,61 1,879 issued August 26, 20003 entitled "Data Storage System Having . 
Separate Data Transfer Section and Message Net\york with Trace Buffer" assigned to the 
same assignee as the present invention. As is also known in the art, double data rate (DDR) 

15 memories are being used to increase the performance of data storage and other data systems. 
Thus, it would be desirable to provide a trace buffer system for use with a DDR Memory. 



SUMMARY 

In accordance with the present invention, a system is provided for storing and 
20 retrieving data provided by the system on a system bus in a sequence at a predetermined 
system data rate. The system includes a system memory controller for enabling a system 
memory to store and retrieve the data at a rate twice the system data rate. Also provided is a 
trace buffer having a dual port random access memory. A trace buffer control system is 
provided for enabling the data on the system bus and fed concurrently to a pair of data ports 
25 of the dual port random access memory to be stored in the dual port random access memory 
at the predetermined system clock rate. 
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In accordance with another feature of the invention, the system bus has a read section 
for the data retrieved from the system memory and a write section for data to be stored in the 
system memory. The read section is coupled to one of the pair of data ports and the write 
section is coupled to the other one of the pair of data ports. 
5 In accordance with still another feature of the invention, the trace buffer control 

system enables such dual port random access memory stored data to be retrieved from the 
dual port random access memory in the same sequence as such data was provided on the 
system data bus. 

In one embodiment, the system memory coupled to a memory data bus. The memory 

10 data bus is coupled to the system bus through a synchronizer. The system memory is adapted 
to store therein write data words provided on the memory data bus, or have read data words 
previously stored therein read therefrom and provided on the memory data bus. The read 
data words and the write data words being provided on the memory bus at a rate twice a 
predetermined system clock rate. The synchronizer enables the read data words and such write data 

15 words to be provided on the system bus in a sequence at the system clock rate. The system includes 
a trace buffer having a dual port random access memory. The dual port random access 
memory has a pair of data ports. The dual port random access memory is adapted to store 
two of the read and write data words from the system data bus fed concurrently to the pair of 
data ports at two different locations in the dual port random access memory for storage 

20 therein at the predetermined system clock rate. The trace buffer control system couples read 
data words from the system data bus to one of the pair of ports and couples read data words 
on the system data bus to the other one of the pair of ports, such read data words and such 
write data words being retrievable from the dual port random access memory in the same 
sequence as such read data words and write data words were provided on the system data bus 

25 and memory data bus. 

The details of one or more embodiments of the invention are set forth in the accompa- 
nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

30 FIG. 1 is a block diagram of a data system according to the invention; 
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FIG. 2 are timing diagrams showing operation of the system of FIG 1 in executing an 
example; and 

FIG 3 is a table showing the memory location of data stored in a trace buflFer section 
of the system of FIG. 1 . 

Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

Referring now to FIG. 1 , a data system 1 0 is shown for storing and retrieving data 
provided by the system on a system data bus 1 2 by a CPU/system master 14 in a sequence at 
a predetermined system data rate, CP. The system 1 0 includes a system memory controller 
1 6 for enabling a system memory 1 8 to store and retrieve the data at a rate twice the system 
data rate. Here, the system memory 18 is a DDR SDRAM and the system memory controller 
1 6 is a DDR SDRAM controller. The system memory controller 1 6 provides 
address/read/write/activate/precharge/refresh control signals to the system memory 18 in any 
conventional manner. 

Also provided is a trace buffer section 20 having a dual port random access memory, 
DPR 22. A trace buffer control system 24 is provided for enabling the data on the system 
bus 12 and fed concurrently to a pair of data ports DATA_A, DATA B, of the dual port 
random access memory 22 to be stored in the dual port random access memory 22 at the 
predetermined system data rate CP and for enabling such dual port random access memory 
stored data to be retrieved from the dual port random access memory at output DATA_OUT 
in the same sequence as such data was provided on the system data bus 12. More 
particularly, the system data bus 12 has a read section 12R for the data retrieved from the 
system memory 18 and a write section 12W for data to be stored in the system memory 1 8. 
The read section 12R is coupled to one of the pair of data ports, here port DATA A and the 
write section 12W is coupled to the other one of the pair of data ports, here port DATA_B, 

More particularly, the system memory 18 is coupled to the CPU/system master 14 
through the memory data bus 12 and a synchronizer 26. The system memory 18 is adapted to 
store therein write data words provided on a memory data bus 28, or have read data words 
stored therein read therefrom provided on the memory data bus 28. The system memory 1 8 
is adapted to store the write data words provided on the memory data bus 28 and to provide 
the read data words on the memory data bus 28 in response to a both a leading edge of a 



system clock or a trailing edge of the system clock, as shown in FIG. 2. Thus, here the 
system clock 30 produces clock pulses at a predetermined clock rate CP. It is noted that 
system data from the system bus 12 is provided to the system memory 1 8 at a rate 2CP, that 
is at a rate twice the system clock rate CP. Thus, the read and write data words are provided 
on the memory data bus 28 at a rate twice the predetermined clock rate. The data passes 
between the CPU/system master 14 and the system memory 1 8 through the synchronizer 26. 
The synchronizer 26 has is connected to the write section 12W of the system bus 12 for write 
DDR data (i.e., data to be written in the system memory 1 8) and to the read section 12R of 
the system bus 12 for read DDR data, i.e., data read from the system memory 1 8. Here, the 
read data section 12R is 128 bits wide, the write data section 12W is also 128 bits wide, and 
the memory data bus 28 is 64 bits wide. The data appears on the read section 1 2R at a the 
system clock rate, CP, the data appears on the write section 12W at the system clock rate, 
CP, and the data appears in the memory data bus 1 8 at twice the system clock rate, i.e., at a 
rate 2CP, as described above. The synchronizer 26 is of any conventional design to provide 
the requisite bit length and speed synchronization between the system bus 12 and the 
memory bus 28. 

The system 10 includes, as noted above, the trace buffer section 20. The trace buffer 
section 20 includes the dual port random access memory (DPR) 22. The dual port random 
access memory 22 is adapted to store two of the read and write data words fed concurrently 
to the pair of data ports (i.e., DATA_A and DATA_B) at two different locations in the dual 
port random access memory in response to the same edge of the system clock. The DPR 22 
memory locations (i.e., addresses) are provided for the read data at port DATA_A on port 
ADDRESS_A and for the write data at port DATA^B on port ADDRESS_B. The fed data 
words are stored in the dual port random access memory at the predetermined system clock 
rate, CP. The trace buffer control system 24 couples read data words from the system 
memory 18 and provided on the read section 12R of the system bus 12 to one of the pair of 
ports, here port DATA_A, through an address and data read cycle controller (ADDR+DATA 
READ CYCLE CONTROLLER) 32 of system 24 and couples write data words provided on 
the write data section 12W of the system bus 12 to the other one of the pair of ports, here port 
DATA_B, of the dual port random access memory 22 through a through an address and data 
write cycle controller (ADDR-fDATA WRITE CYCLE CONTROLLER) 34 of system 24. 
The read data words and write data words at the pair of ports are stored in the dual port 
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random access memory at sequential locations thereof, such locations being provided by the 
address and data read cycle controller 32 and the address and data write cycle controller 24, 
respectively, as indicated in FIG. 1 . 

More particularly, the trace buffer control system 20 includes the address + 
5 data read control for read cycles (i.e., the ADDR + DATA READ CYCLE CONTROLLER 
32) and the address + data control for write cycles (i.e., the ADDR + DATA WRITE CYCLE 
CONTROLLER 24). Each one of these controllers 32, 24 is a logic which receives a 
command from a DDR Trace Buffer controller 40 to then enable the DPR 22 to execute a write 
operation. The DDR Trace Buffer controller 40 allocates addresses in the DPR 22 and passes 

10 them to the ADDRESS + DATA READ CYCLE CONTROLLER 32 for read data, and when 
the read data from DDR 1 8 is available the ADDRESS + DATA READ CYCLE 
CONTROLLER 32 issues a write command to DPR 22. Likewise, the DDR Trace Buffer 
controller 40 allocates addresses in the DPR 22 and passes them to the ADDRESS + DATA 
WRITE CYCLE CONTROLLER 24 for write data, and when the write data from DDR 18 is 

1 5 available the ADDRESS + DATA WRITE CYCLE CONTROLLER 24 issues a write 

command to DPR 22. Both "ADDRESS + DATA CONTROL FOR READ" and "ADDRESS 
+ DATA CONTROL FOR WRITE" can be doing writes to DPR 22 at the same time. A 
"TRACE BUFFER CONTROL, DPR READ DATA AND CONTROL" bus 42 is used by 
the CPU/system master 14 to initialized the trace buffer section 20 and to read the content of 

20 the DPR 22 once the trace buffer section 20 is done recording. A "TRACE BUFFER 

COMMAND FROM DDR CONTROLLER" on bus 44 is a command from DDR SDRAM 
CONTROLLER 1 6 that indicates to the trace buffer section 20 that a write or read to DDR 
system memory 18 has started. The DATA_OUT is a read path so the CPU/system master 
14 can read the content of the DPR 22 through the DDR trace buffer controller 40 via bus 42. 

25 As noted above, the control system 24 enables the dual port random access memory stored 
data to be retrieved from the dual port random access memory in the same sequence as such 
data was provided on the system data bus 12. 

Referring now also to FIG. 2A, an example is shown. The system clock periods are 
indicated by TO, Tl , T2, T3, T4, T5, T6, and T7. The system clock pulses are produced at a 

30 rate CP, here indicated as X. The memory clock pulses are produced at twice the system 

clock rate, 2CP, here indicated as 2X. Here, in this example, at the first system clock period 
TO, the CPU/system master 14 requests that READ DATA_1 be retrieved from the system 



memory 1 8. As will be described, the data read from the system memory 1 8 (READ 
DATA_1) will be provided on the system bus 12 at system clock time period T2, more 
particulariy on the read section 12R (indicated as SYSTEM RD DATA BUS, in FIG. 2). 
Thus, during the system clock period TO, a read data command and system memory address 
(READ REQDl in FIG. 2) are fed to the address/read/write/control of the system memory 18 
during the first system clock period, TO, by the DDR SDRAM controllerl6 (i.e., the 
SYSTEM COMMAND shown in FIG. 2), in response to a request from the CPU/system 
masterl4. 

During the latter phase of the second system clock period Tl , i.e., in response to a 
memory system clock pulse, the data RAID DATA_1 is provided on the bi-directional 
memory data bus 28. Thus, during the system clock period Tl, READ DATA_1 is pushed 
onto the memory bus 28 by the system memory 1 8. 

During a subsequent system clock period, here during the third system clock period 
T2 in FIG. 2, the write data command and system memory address (WRITE REQ D2) are 
supplied by the controller 16 to the system memory 18. The data (WRITE DATA_2) to be 
written into the system memory is provided on the system bus 12, more particularly, on the 
write section 12W (SYSTEM WR DATA BUS), by the CPU/system master 14 at system 
clock period T2. Also, the READ DATA_1 is provided on the system data bus 12, more 
particulariy on the read section 12R (SYSTEM RD DATA BUS). Thus, during the system 
clock period T2, the CPU/system master 14 performs a WRITE DATA _2 operation, WRITE 
DATA_2 is pushed onto the system bus 12, more particularly on the write section 12W, and 
READ DATA_1 is pushed onto the system data bus 12, more particulariy on the read section 
12R by the synchronizer 26. 

Next, during the fourth system clock period T3, a read data command and system 
memory address (READ REQ D3) are supplied by the controller 16 to the system memory 
1 8. As will be described, the data read from the system memory 1 8 (READ DATA_3) will 
be provided on the system bus 1 2, more particularly on the read section 1 2R during the sixth 
system clock pulse, T5. During the first phase of this system clock period T3, and in response 
to the memory clock pulse, the data WRITE DATA_2 is provided on the memory bus 28. 
Also, the READ DATA_1 and the WRITE DATA_2 are provided to ports DATA^A and 
DATA_B, respectively of the dual port random access memory 22. Thus, during the system 
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clock period T3, the CPU/system master 14 requests READ DATA_3. Also, WRITE 
DATA_2 is pushed onto memory bus 28 by synchronizer 26, an address and control signal 
for a read cycle is fed to the DPR 22 to write therein the READ DATA_1 at port DATA_A, 
such data being written into the next sequential location (LOC Y) of the DPR 22, and 
5 concurrently therewith an address and control signal for a write cycle is fed to the DPR 22 to 
write therein the WRITE DATA_ 2 at port DATA_B, such data being written into the next 
sequential location (LOC Y+2) of the DPR 22. 

During the later phase of the system clock period, T4, i.e., in response to a memory 
system clock pulse, the data READ DATA_3 is provided on the bi-directional memory data 

10 bus 28. Thus, during the system clock period T4, READ DATA_3 is pushed onto the 
memory bus 28 by the system memory 18. 

During the system clock period T5, a write data command and system memory 
address (WRITE REQ D4) are supplied by the controller 1 6 to the system memory 1 8. The 
data (WRITE DATA_4) to be written into the system memory 1 8 is provided on the system 

15 bus 1 2, more particulariy, on the write section 1 2 W (SYSTEM WR DATA BUS), by the 

CPU/system master 14 at system clock period T5. Also, the READ DATA_3 is provided on 
the system data bus 12, more particulariy on the read section 12R (SYSTEM RD DATA 
BUS). Thus, during the system clock period T4, READ DATA_3 is pushed onto the memory 
bus 28 by the system memory 1 8. Thus, during the system clock period T5, the CPU/system 

20 master 14 performs a WRITE DATA _4 operation, WRITE DATA_4 is pushed onto the 
system bus 12, and READ DATA_3 is pushed onto the system data bus 12 by the 
synchronizer 26. 

Next, during the first phase of the seventh system clock period T6, the WRITE 
DATA_4 is provided on the memory bus 28 in response to a memory clock pulse. Also, 

25 during the system clock period T6, the READ DATA_3 and the WRITE DATA_4 are 
provided to ports DATA A and DATA_B, respectively of the dual port random access 
memory 22. Thus, during the system clock period T6, WRITE DATA_4 is pushed onto 
memory bus 28 by synchronizer 26, an address and control signal for a read cycle is fed to 
the DPR 22 to write therein the READ DATA_3 at port DATA_A, such data being written 

30 into the next sequential location (LOC Y+3) of the DPR 22, and concurrently therewith an 
address and control signal for a write cycle is fed to the DPR 22 to write therein the WRITE 
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DATA_ 4 at port DATA^B, such data being written into the next sequential location (LOC 
Y+4) of the DPR 22. 

Thus, at the end of the system clock period T6, the data READ DATA l, WRITE 
DATA_2, READ DATA_3, and WRITE DATA_4 are stored in sequential locations, LOC Y, 
LOC Y+1, LOC Y+2, and LOC Y+3, respectively of the DPR 22, as shown in FIG. 3. As 
noted above, the control system 24 enables the dual port random access memory stored data 
to be retrieved from the dual port random access memory in the same sequence as such data 
was provided on the system data bus 12. 

A number of embodiments of the invention have been described. Nevertheless, it will 
be understood that various modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, other embodiments are within the scope of the following 
claims. 
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